Abstract An improved and efficient protocol was developed based on the TaKaRa RNAiso Plus Kit (Code: D9108A) for isolating good-quality total RNA from the optic stalk of mud crab, Scylla paramamosain. The protocol was based on the Trizol method with modifications. The carapace overlapping the optic stalk was retained with RNA in regular protocol. In order to remove the abundant deposition correlative with the carapace which makes the isolation of RNA particularly difficult, 5M potassium acetate solution (pH = 6.0) was added before the precipitation of RNA, and the temperature of RNA deposition was also decreased to -70ºC to ensure the stabilization of RNA. Good-quality total RNA from the optic stalk of S. paramamosain could be easily isolated with this modified protocol and three conventional methods were also employed to confirm the quality of RNA. This improved method would be helpful in facilitating molecular research of crabs involving RNA from the optic stalk.
INTRODUCTION
Scylla paramamosain is a mud crab found throughout Vietnam (Dahdouh-Guebas et al. 2006) , Taiwan island and southeast coasts of China (Zeng and Li, 1999) . On previous researches of crustacean, there were peptide hormone genes that transcript in the X Organ-Sinus Gland Complex located in optic stalk as which belong to specific new crustacean hormone family (Chang, 1993) including a number of neural peptides such as CHH (De Kleijin et al. 1998) , MIH (Gu et al. 2000) and GIH (Udomkit et al. 2000) . Research of these peptide families would be relevant to the cultivation about crustacean aquatic product such as Carcinus maenas (Nakatsuji et al. 2009 ), Scylla olivacea (Tsai et al. 2008) , and red rock crabs (Hsu et al. 2008 ). What's more, the establishment of cDNA library of S. paramamosain is elementary to the study of this species and there is hardly any data about the cDNA of S. paramamosain optic stalk. In a word, extracting high quality total RNA from the optic stalk becomes impendent and essential.
As the isolation itself is based on small dose with a few optic stalks, the common protocol with hexadecyltrimethylammonium bromide and polyvinylpolypyrrolidone (Liao et al. 2004; Rubio-Piña and Vázquez-Flota, 2008; Rubio-Piña and Zapata-Pérez, 2011) , or sodium dodecyl sulfate (Rai et al. 2010) for plants is not very applicable to stalks as it is suitable for removing polysaccharides and polyphenols. While Trizol, a current RNA protocol will be an appropriate protocol with advantage in small dose and high quality and it is frequently used in RNA isolation (Chadderton et al. 1997; Gehrig et al. 2000; Bovée et al. 2001) . It has been used particularly in RNA extraction on diverse organism of S. paramamosain (Imjongjirak et al. 2009; Liu et al. 2010; Xu et al. 2011 ) yet optic stalk. As eyestalks are overlapped with carapace and there can be remaining of partial facetted carapace after the cleave separation of stalk from eyes, isolating of total RNA from optic stalk with traditional Trizol method will obtain abundant ivory-white insoluble semisolid intermixed with RNA. Apart from that, RNase which exists surrounding the situation is a fatal interference during extraction to decompose the RNA. In a word, the isolation sample via traditional Trizol protocol is unqualified to get further use in ensuing experiments. So an easy and efficient modified protocol was developed for isolating good-quality total RNA from the optic stalk of S. paramamosain based on Trizol method with some other modifications.
MATERIALS AND METHODS

Management of instruments
Mortars, mullers, and other metal appliances including ophthalmic scissors, medicine spoon and tweezers were treated with 0.1% DEPC solution at 37ºC overnight, autoclaved twice at 121ºC for 20 min, and dried at 100ºC then refrigerate at -70ºC before use. Tips, reagent bottles and centrifuge tubes used in RNA extraction were RNase free. The Beckman Counter Allegra 64R centrifuge was used in centrifugation.
RNA isolation reagent
The experiment was based on TaKaRa RNAiso Plus (Takara code: D9108A, Shiga, Japan), a representative Trizol reagent, as it is a currently used RNA isolation kit which is effective in extracting RNA from most tissues including plants and animals (Chirgwin et al. 1979; Nicolaides and Stoeckert, 1990) . In general, 600 μl of reagent was put in a 1.5 ml centrifuge tube and the operation was accomplished in RNase-free situation (ventilation board).
Other reagents
5M potassium acetate (Sinopharm Chemical Reagent, Shanghai, China) solution with 0.1% DEPCtreated water (Xufei, Shanghai, China) and potassium acetate in solid was deployed then a few drops of glacial acetic acid (Sinopharm Chemical Reagent, Shanghai, China) would be accessed to dissolve the acetate to decrease the pH value to 6 in solution. 75% enthanol (Sinopharm Chemical Reagent, Shanghai, China) with 0.1% DEPC-treated water was also configured. Chloroform and isopropyl alcohol (Sinopharm Chemical Reagent, Shanghai, China) in analytical cure were prepared for this experiment. All reagents were prepared in ventilation board to assure an RNase-free environment.
Tissue materials
One eyestalk (0.50-0.70 g) with compound eye was taken down from a mature S. paramamosain (weighed as 0.55-0.65 Kg), then the compound eye were cut off with ophthalmic scissors above each stalk and the eyestalk was put into a mortar filled with liquid nitrogen which was used to quickly freeze the situation. The optic stalk was ground in the mortar and pulverous tissue was transferred into two centrifuge tubes with 600 μl of TaKaRa RNAiso reagent to start this experiment immediately. For these two tubes, one is marked with A and the other is marked with B. In tube A, we used the protocol on Takara instruction as control. In tube B, we used the modified protocol as experimental group. There would be a contrast in control and experimental group to reflect the isolating efficacy on ordinary protocol and modified protocol. All the operations were processed in ventilation board to assure an RNase-free environment.
RNA extraction procedure
Isolation of total RNA was based on Trizol method with melioration. The experiment was carried out in triplicate repeats with eyestalks from separate crabs to make sure the improvement in protocol is creditable. Stalk tissue was ground into pulverous in liquid nitrogen and scraped into two 1.5 ml centrifuge tubes which contained 600 μl of RNAiso Plus. Each tube contained about half an optic stalk volume of comminuted stalk tissue. Each centrifuge tube was shocked intensively for 15 sec to mix the contents and kept still for 5 min then the tubes were centrifuged at 12,000 g (Beckman Coulter Allegra 64R centrifuge) at 4ºC for 5 min. Liquid in each tube was accumulated and then transferred to a new 1.5 ml tube and chloroform as one fifth volume of the liquid contents was subsequently added in the new tube. Subsequently, the contents in each new tube were vibrated emphatically until whose colour in the tube turned into oyster white, and then the tubes were centrifuged at 12,000 g at 4ºC for 15 min. There were three liquid phases and the supernatant phase of each tube was transferred to a new 1.5 ml tube which is still marked with A or B following the previous tubes. Subsequently, 5M potassium acetate (pH = 6.0) as one third volume of the accumulated liquid was added in tube B and 0.1% DEPCtreated water in tube A with the same volume as acetate solution. Contents in tubes were then mixed with rapid centrifugation (5,000 g at 4ºC for 1 min) and set still for 5 min. In the ensuing step, isopropyl alcohol in analytical pure as one volume of the mixture was added and vibrated thoroughly, then those centrifuge tubes were frozen at -70ºC for 30 min to precipitate the total RNA in the mixed solution. Afterwards, tubes were taken out and centrifuged at 12,000 g at 4ºC for 10 min. Only the deposition in each tube was kept, and then washed with 1000 μl of 75% ethanol (with 0.1% DEPC-treated water) in each tube. Tubes were centrifuged at 5,000 g at 4ºC for 3 min and only the deposition was kept and then dried in the ventilation board until no droplet could be seen in the tubes. The obtained sediment was re-dissolved in each tube with 20 μl of 0.1% DEPC-treated water and stored at -70ºC for further use.
Agarose gel electrophoresis
After thawing, 1 μl of extractive solution was imbibed from each tube and mixed with 1 μl of 6 x loading buffer (BAOMAN BIOTECHNOLOGY, code: GH101-01, Shanghai, China) respectively. Next, those samples and 2 μl of DNA marker (TaKaRa DL2000, Takara code: D501S, Shiga, Japan) were contrasted on 1.5% agarose gel (Biowest, Spain) which contained 0.02% EB (Tiangen, Beijing, China). Agarose gel was functioned on 120 V in 30 min and observed on the UV spectra photometer (FR200A).
UV 260/280 nm ratio test
The test of 260/280 nm ratio of solution in tube A and tube B were performed with Beckman Counter DU800. In the first instance, one drop (0.5 μl) of 0.1% DEPC water was applied to proofread instrument error of machine. Then the 260/280 nm ratio of solution in tube A and tube B were examined three times for each as one time in 0.5 μl following the manufacturer's instruction.
Analysis of the production with RT-PCR
As the ultimate purpose of this study is to isolate total RNA from tissue, the most direct method to examine total RNA is to examine the cDNA which is the reverse transcription product of RNA. Reference genes of S. paramamosain were chosen genes for the detection. The primer for reverse transcription were designed based on the gene sequences coding ubiquitin conjugating-enzyme E2 (S. paramamosain ubiquitin-conjugating enzyme E2 mRNA, GenBank: FJ265877.1) and β-actin gene (S. paramamosain beta-actin mRNA, GenBank: GU992421.1), as shown in Table 1 . TaKaRa One Step RNA PCR Kit ver. 3.0 (Takara code: DRR019A, Shiga, Japan) was used following the instructor of reagent protocol. The obtained substances in tube A and tube B were used as template (1 μl of RNA solution in 50 μl of reaction solution) with the designed primers separately. The reaction solution was bathed at 50ºC for 30 min, 94ºC for 2 min, followed by 28 cycles of amplification (94ºC for 30 sec, 55ºC for 30 sec, and 72ºC for 1 min). After all the reactions, RT-PCR products were inspected through agarose gel electrophoresis as 5 μl of resultant with 5 μl of 6 x loading buffer, and 8 μl of DNA marker (TianGen code: MD105, Beijing, China) was employed as DNA size reference. Sequencing was also performed to confirm the sequence of these two genes. 
RESULTS
Extraction of RNA
Comminuted stalk tissue were put in centrifuge tubes with RNAiso Plus, after vibration and remaining for a time, there was a lot of sedimentation attached on the inner wall of centrifuge tube (Figure 1 ) and the supernatant was kept. Later at the precipitation of RNA after adding isopropyl alcohol and remaining in hypothermia, abundant ivory-white deposition appeared on the inner wall of tube A while a little translucent sedimentation on the inner wall of tube B (Figure 2 ). The substance in tube A could not be all dissolved in 20 μl of 0.1% DEPC-treated water, yet 20 μl of 0.1% DEPC-treated water dissolved all substance in tube B.
Fig. 1 Precipitation in the tubes during experiment.
There is no evident difference between tube A (control group) and tube B (experimental group), and both the tubes have precipitation on the inner wall of itself, as RNA is dissoluble, deposition on the inner wall is useless for ensuing experiment and discarded. Fig. 2 The tubes after deposit during the experiment. After deposit with isopropyl alcohol and in hypothermia of -70ºC, significant difference occurred between tube A (control group) and tube B (experimental group). There is abundant sedimentation on the inner wall in tube A (indicated by an arrow) while a little translucent deposition on the inner wall in tube B.
Agarose gel electrophoresis
The extracted RNA was analyzed by agarose gel electrophoresis (Figure 3 ). 5M potassium acetate was added in tube B while 0.1% DEPC-treated water in tube A as a control. There were obvious bands from the product of tube B, while from the product of tube A, there was hardly any band which could be seen clearly.
UV ratio test
At the observation of statistics, three repetitive test of substance in tube A showed that 260/280 nm ratio value (tube A) was far from the regular range of RNA ratio value between 1.8 and 2.0. On the other hand, three repetitive test of substance in tube B showed that 260/280 nm value are all in the regular range of RNA ratio value (tube B) ( Table 2) . Table 2 . Analysis of RNA by 260/280 nm Ratio. After proofread with 0.5 μl of 0.1% DEPC-treated water, the substance in tube A were tested three times with one time on 0.5 μl so as to tube B. Statistics showed that ratio value regarded to tube A is lower than the normal range of RNA ratio value (1.8-2.0). Yet ratio value in tube B is in normal range of RNA ratio value. 
Sample
Reverse transcription and PCR cloning
Based on the observation of electrophoretogram, ubiquitin conjugating enzyme E2 gene and β-actin gene related straps both showed difference in the contrast between experimental group and control group. The experimental group A had only blurry straps on region of expected size. However, the experimental group B showed evident straps on the region (Figure 4) . The amplified sequence length of ubiquitin gene is 430 bp and the length of β-actin gene is 449 bp, which were also verified with sequencing.
DISCUSSION
Total RNA extraction of optic stalks is a primary work for the research of S. paramamosain, and one major problem in the experiment is RNase which pervades in atmosphere and enriched in human body So, as employed in most laboratory, the whole experiment was processed in ventilation with medical gloves and masks to insulate the source of RNase from atmosphere and human body. All equipment which contacted stalk tissue or reaction system was RNase free. Also, in this study the centrifuge tubes were kept at -70ºC to ensure the stabilization of RNA.
Trizol method is widely used in RNA extraction of S. paramamosain on diverse organism (Imjongjirak et al. 2009; Liu et al. 2010; Xu et al. 2011) , and RNA isolation of its close relative S. serrata was based on thiocyanate method which is the dominant ingredient of trizol reagent (Vaseeharan et al. 2007 ). Yet optic stalk of S. paramamosain is covered with carapace and in ordinary trizol method, there exists abundant impurity on production. In previous report, RNA isolation in some plants which enriched in polysaccharide has been proved as the additional acetate (Malnoy et al. 2001; Zeng and Yang, 2002; Vasanthaiah et al. 2008) in the reaction system to prevent the precipitation of polysaccharide. One major constitution of carapace is chitin, a sort of glucan polysaccharide (Djunaidah et al. 2003) . As sedimentation concealed in the supernatant phase (supernatant phase generated after the step of adding chloroform and centrifuge at 4ºC for 15 min) and supernatant phase has solvent 0.1% DEPCtreated water, this kind of deposition should be some degree of dissoluble. Hence, it supported the hypothesis of the sedimentation as polysaccharide which is dissoluble in some degree. According to the result revealed by this study, high saline aroused by potassium acetate acted a significant role in dissolving polysaccharide such as chitin. In treating with RNA from crustacean such as S. paramamosain, it might be an efficient method by adding potassium acetate to separate chitin from RNA deposition. In this experiment, three different methods were employed to examine the distinction between traditional instructor and modified protocol. The agarose gel electrophoresis suggested that there be nucleotide in the extraction via modified protocol and there hardly be nucleotide in the extraction via inhered instructor; the UV ratio test indicated that the ingredient of extraction through modified protocol has nucleotide and there hardly be nucleotide in ingredient of extraction through inhered protocol.
In the examination with detection of reference genes (Imjongjirak et al. 2009 ), the bands had obviously shown that there existed RNA in the extraction by meliorated method yet there existed tiny nucleotide residue with traditional method. So, the modified protocol was feasible in isolating total RNA from optic stalks of S. paramamosain. However, the chemical mechanism of the method and the feasibility to other crustaceans is currently untested; the hypothesis of the cause correlated with deposition in traditional method is also another question. Hence, the ensuing interest will be focused on these problems and try to find the mechanism and relationship in them. 
